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Abstract 
Biopolymers that have the mucoadhesive properties can be used to extend the contact time of products with the 
mucous layer either in the mouth or  the gastrointestinal tract. In this study, different methods were used to quantify 
the mucoadhesive behaviour of pectin (~60% DE), sodium alginate and sodium carboxylmethyl cellulose (CMC). 
Using rheological measurements of the polymer mixtures with mucin, viscosity enhancement and specific interaction 
between polymers and mucin was revealed. Pull-off experiment using a texture analyser was used to measure 
detachment force of mucin coated slide from polymer solutions. Peak force (detachment force) and total work (area 
under curve) were used to characterise mucoadhesion. All experiments show that mucoadhesion of polymers 
depended on some parameters such as concentration, molecular weight, ionic strength and also contact time between 
the polymers with mucin. Higher concentration and longer contact time gave a stronger mucoadhesion. Meanwhile, 
increased in ionic strength of sodium alginate solution decreased the adhesion effect. Each experiment resulted in a 
different value of forces as a result of the different nature of the experiment.s However, all experiments show a good 
correlation where sodium alginate gave the highest mucoadhesive effect on mucin as compared to pectin (~60% DE) 
and CMC.
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1. Introduction 
Mucoadhesion can be defined as the interaction of molecules with the mucous layer (biological tissue) 
in order to adhere each other [1]. Mucoadhesives have received a great deal of attention, in 
pharmaceuticals, due to their potential to both (i) increase residence time [2-4], and (ii) maintain a high 
concentration gradient of drug across the epithelium [5]. The usefulness and ultimately bioavailability of 
a drug is, to an extent, determined by the amount of time it is present at or in the desired site of action. 
The potential of mucoadhesive materials in drug delivery can be used in food application in order to 
control the delivery of specific ingredient such as salt, flavours and so on. They are some food grade bio-
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polymers possess the adhesive properties on the mucous layer as reported from previous study such as 
pectin [6,7], sodium carboxymethylcellulose [8], sodium alginate [9] and chitosan [10]. Mucous layer is a 
thin layer covers the oral surface and contains 95 % of water and mucins at 0.5-5% [11]. The main 
component of mucous layer is the mucin glycoprotein and this component is responsible for the 
interactions with mucoadhesive polymers. There are several mechanisms involved in the mucoadhesion 
such as diffusion, chain interlocking and chemical reaction such as hydrogen bond. Interaction between 
polymer and mucous layer consist of two stages which are contact stage and consolidation stage [12]. 
Contact stage can be described as the wetting stage and consolidation stage is for strengthening process of 
interaction. It is found that the chain entanglement and secondary bond are the main mechanism in the 
strengthening stage [13].  
Suitable in vitro experiments are useful during the development phase in order to study the factors that 
affecting the mucoadhesion as well as in the screening process to choose the best formulation polymer for 
specific delivery system. The most commonly methods used in the mucoadhesive polymers testing are 
based on the value of total force or maximum force in order to detach the polymers from the mucin [14, 
15]. As the interaction between the polymers and mucin will change the rheological properties, a series of 
rheology experiments were successfully presented by previous researchers [6, 9, 13, 16]. Another 
approach is based on the thermodynamic surface energy measurements. Contact angle between the 
polymers and mucin layer can be related to the spreading coefficient and thus results the different 
different degree of wetting mechanism. There is also reported that the adhesion work measured has a 
good linear correlation with the calculated value from the surface free energy [17]. Atomic Force 
Microscopy (AFM) could visualize the structure of the polymers-mucin mixture at molecular level [18]. 
In this study, three methods of mechanical measurement were used to make a comparison between three 
different polymers which are pectin, CMC and sodium alginate. Some of the factors that believed to 
affect the mucoadhesion were also tested such as concentration, contact time and ionic strength. 
2. Materials and Method 
2.1 Materials 
Pectin (degree of esterification ~60%), sodium alginate, mucin type II with bound sialic acid of ~1%, 
sodium chloride and Sodium carboxymethyl cellulose (CMC) (average Mw ~250000) were purchased 
from Sigma-Aldrich Company Limited, United Kingdom. All chemicals were analytical grade and used 
as received. Solution of pectin, sodium alginate and CMC were prepared by slowly added the powder into 
double distilled water and stirred gently for at least three hours to ensure fully dispersed. To study the 
effect of ionic strength, sodium alginate solutions were prepared to make 2% w/v sodium alginate in 0.05, 
0.10, 0.15 and 0.20 M sodium alginate (NaCl). 
2.2 Rheological Characterisation 
Rheological analyses were performed by using rheomether (TA AR1000) equipped with parallel plate 
geometry (60mm diameter acrylic) and the gap is 500 μm. All tests were done at 37 oC. At first, 4ml of 
mucin solution was dried on peltier stage at temperature of 70oC by applying 2 layers (2ml each) of 
mucin solution with diameter of 60 mm and 1.5 ml of polymer solution was poured on the dried mucin 
layer. Viscosity was measured at shear rate of 40 s-1, 50 s-1 and 60 s-1 for 20 minutes. Equilibrium time 
was set at 3 different times (3, 5 and 10 minutes) to study different of holding time before applying of 
shearing process. Mixed sample was exposed to a stepwise of increasing frequency at 0.1 Pa stress (in the 
field of linear viscoelastic region), 0.1-20 Hz frequency range and at 37 oC. 
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2.3 Pull-off Experiment 
A microscope slide (0.2 cm x 2.1 cm x 7.6 cm) was coated with 0.5 ml of mucin dispersion by 
applying two layers of 0.25 ml for each side. Each layer was dried in oven at 70 oC for 30 minutes to 
ensure all water vaporised and this stage was repeated so each side of microscope slide had 2 coatings. A 
TA.XT.Plus Texture Analyser supplied by Stable Micro Systems Limited, United Kingdom consisting of 
a fixed plat form and a moveable arm was setup so that the arm lowers at a rate of 1mm/second, holds for 
5 minutes and then raises up at a rate of 1mm/second. The slide was attached to the upper arm with self 
tightening roller grips probe and 5kg load cell. The arm was lowered until the slide had penetrated into 30 
ml of polymer solution (in a 60 ml beaker) with 30 mm travel distance (9 mm at air space and 21 mm in 
polymer solution) In order to study the effect of different holding time, the setup was changed to the 30 
second, 3 minutes and 7 minutes. The forces were recorded by software (Texture Exponent 32) and 
displayed on a graph of force against distance. The maximum force was recorded when the slide detaches 
from the polymer surface. A clean slide was tested with the polymer solution and the mean of the two 
forces found. 
2.4 Tensile Test
Mucoadhesive properties of the polymers were also evaluated with tensile test as described by 
Hagesaether and Sande (2007) [17]. A TA.XT.Plus Texture Analyser (Stable Micro Systems Limited, 
United Kingdom) was used with a 20 mm diameter alumium probe and 5kg load cell. 125μl of polymer 
solution and 10% (w/v) mucin dispersion were evenly spread on a filter paper (20 mm diameter) with a 
inert backing layer (Benchkote paper). The samples were allowed to rest for 20 minutes to ensure proper 
interaction between the polymer and the filter paper. The polymer sample was attached to the probe 
(moveable arm) and mucin sample was attached with double sided adhesive tape to the platform. The 
probe where then lowered until it reached contact with the mucin sample and a preload of 200 gram force 
was applied for 100s. After that, the probe was raised with a speed of 0.01 mm/s and the displacement 
and force of detachment were recorded by Texture Exponent 32 software through a personal computer. In 
order to measure the unspecific interaction, polymer samples and mucin sample were also tested with 
distilled water (solvent).          
3. Results and Discussion  
3.1 Rheology Characterisation 
Table 1 show the viscosity profile of polymer solutions, water and the mixture of each solution with 
mucin. This experiment was done at same shear rate (50 s-1) and from this result a comparison can be 
made to evaluate the different effect of different polymers. This experiment was done with different way 
as done by other researcher such [6] and [16]. They mixed the mucin solution and polymer solution 
before testing the viscosity of mixture. A modification of an equation (equation 1) proposed by [16] for 
analysing the viscosity coefficient of polymer-mucin mixture has been made to suit with this particular 
experiment (equation 2) since mucin component was used in dry condition. 
                (1) 
               (2) 
Where Șt is the viscosity of the system (polymer-mucin mixture), Șm is mucin dispersion viscosity, Șp 
is polymer viscosity and Șb is the viscosity component due to bioadhesion. Viscosity component (Șb) can 
be obtained by rearranging equation 2. This equation is only valid to be applied for same concentration, 
temperature, and shear rate [16]. It is because mixtures of polymer-mucin were Non-Newtonian as shown 
in figure 1. Interaction and binding between polymer-mucin system can be transformed into mechanical 
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work or energy and this work contributes to the changes shape or molecular arrangement and thus 
changing the viscosity. Force of mucoadhesion (F) is representing the additional intermolecular frictional 
force per unit area and can be expressed by equation 4 [6] where  is the shear rate (s-1). 
        (3) 
                      (4) 
1% (w/v) pectin give bigger mucoadhesion force when interaction with mucin took place as compare 
to sodium alginate and CMC at same concentration. However the different viscosities of each polymer-
mucin mixtures at 1% (w/v) were not significantly different.  Hydrogen bonding between methoxyl, 
hydroxyl and carboxyl group in pectin, sodium alginate (no methoxyl group) and CMC with amine group 
(glycoprotein component in mucin) is believed to be main interaction of these polymer with mucin [6,7]. 
Sriamornsak et al. (2008) [19] have described that mucoadhesion of pectin is caused by wettability and 
chain interpenetration.  Specific interaction between mucin and polymer can be found by deducting the 
force of mucoadhesion of polymer-mucin systems (Fp) with water-mucin system (Fw) as shown in 
equation 5.  
       (5) 
Where Fsp is the specific interaction force of polymer-mucin mixture. Force of water-mucin mixture 
determined the dilution effect of dried mucin with water to form homogenous dispersion. The results 
show that sodium alginate (2% w/v) gave the highest mucoadhesion as compare to other polymers. 
Higher molecular weight might cause more interaction, interlocking and diffusion of polymer network 
into the mucin. 
 
Table 1. Viscosity of different polymers, viscosity of polymer-mucin mixture and force of mucoadhesion. 
Polymer Polymer Concentration Șp Șt Șb F
  (%, w/v) (Pa.s) (Pa.s) (Pa.s) (Pa) 
1 0.017±0.007 1.323±0.013 1.306±0.015 65.30±0.75 Pectin 
  2 0.089±0.005 1.824±0.066 1.735±0.066 86.75±3.30 
1 0.023±0.008 1.309±0.025 1.286±0.026 64.30±1.30 
0M NaCl 0.134±0.007 2.254±0.056 2.120±0.056 106.00±2.80 
0.05M NaCl 0.099±0.001 1.743±0.093 1.644±0.093 82.20±4.65 
0.10M NaCl 0.082±0.001 1.527±0.052 1.445±0.052 72.25±2.60 
0.15M NaCl 0.089±0 1.502±0.055 1.413±0.055 70.65±2.75 
Sodium 
Alginate 2 
0.20M NaCl 0.086±0.001 1.455±0.021 1.369±0.021 68.45±1.05 
1 0.024±0.001 1.285±0.007 1.261±0.007 63.05±0.35 
CMC 2 0.160±0.001 2.119±0.052 1.959±0.052 97.95±2.60 
Water 0 0.008±0.001 0.585±0.059 0.577±0.059 28.85±2.95 
 
 
Different of concentration of polymer will give different of mucoadhesion effect where higher 
concentration has bigger effect than lower concentration. Lower concentration will has smaller amount of 
penetrating polymer chains as compared to the higher concentration of polymer and thus increasing the 
adhesion effect [20]. However, if the concentration of polymer higher than critical value might cause 
chain penetration of the polymer to be drastically reduced as polymer produces and “unperturbed” state 
due to a significantly coiled structure [21]. Equilibrium time is representing the contact time between 
polymer solutions with mucin layer before applying of shear. The effect of contact time can be observed 
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at the initial point of viscosity (t=10 s) or first viscosity measurement by rheometer. Longest equilibrium 
time (10 min) has viscosity (at t=10s) of 1.534 Pa.s, 5 min equilibrium time (1.036 Pa.s) and 3 min 
equilibrium time (0.517 Pa.s). It is clearly observed that longer contact time will increase the interaction 
of polymer with mucin as wetting process is a time dependent particularly for hydrophilic material such 
as pectin [19]. Initial contact time will increase the degree of swelling and interpenetration of bioadhesive 
polymer chains and hence increasing the mucoahesion strength [22]. Mucoadhesion was affected by ionic 
strength because increasing ionic strength will decrease the charge (zeta potential value) of sodium 
alginate solution [23].  
 
 
Fig. 1. Viscosity profile of pectin-mucin mixture at different of shear rate. 40s-1 (blue line), 50s-1 (red line) and 60s-1 (purple line). 
3.2 Pull-off Experiment 
The result shows that mucoadhesion force increases with increasing concentration of polymer as 
shown in table 2. 3% (w/v) pectin solution shows the highest mucoadhesion force with the value of 0.431 
g whilst 1% (w/v) has the lowest forces which is 0.267 g and sodium alginate give higher specific 
mucoadhesion than pectin. Contact time between polymer and mucin is an important factor affecting the 
mucoadhesion force as hydration of mucin will increase upon increasing of contact time as shown in table 
3. Hydration or wetting mechanism is the first action when a polymer has contact with mucous layer and 
this mechanism will follow with other binding such as hydrogen and diffusion or interpenetration into the 
network. Therefore, there will more mucoadhesive material bonded to mucin network and thus strengthen 
the mucoadhesion. Experiments done by Smart, 1984 [14] were able to eliminate the effects of viscosity, 
since the test medium is always the same viscosity whereas in this study pull-off force measurements 
vary, in part, due to the change in viscosity. 
 
Table 2. Maximum pull-off force using the Texture Analayser TA.XT.Plus for different polymer solutions. 
Maximum Pull Off Force (g) 
Polymer Clean Slide Mucin Coated Mucoadhesive Interaction  
1% (w/v) Pectin 0.444±0.022 0.711±0.041 0.267±0.047 
2% (w/v) Pectin 0.522±0.008 0.894±0.046 0.372±0.047 
3% (w/v) Pectin 0.667±0.014 1.098±0.045 0.431±0.047 
2% (w/v) Sodium Alginate 0.336±0.009 0.721±0.018 0.385±0.002 
Water 0.434±0.010 0.620±0.014 0.186±0.002 
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Table 3. Maximum pull-off force 2% (w/v) pectin solution with different of equilibrium time (holding time) with mucin coated 
slide.   
Equilibrium Time (s) Maximum Pull Off Force (g) 
30s 0.649±0.015 
180s 0.828±0.045 
300s 0.894±0.041 
420s 0.946±0.025 
 
Tensile Test 
Tensile test is another useful measurement technique to qualify and quantify the mucoadhesive 
formulation. Peak of force is often referred to as the adhesive strength or tack and is related to the force 
needed to start separating the mucoadhesive material from the mucin layer. This force will reflect to the 
overall strength between them. Pectin-mucin peak gives the total of adhesion force and in order to assess 
the specific interaction, net force was estimated by equation 6. 
            (6) 
Area under curve (AUC) represents the total of work for the mucoadhesive material experienced with 
detachment from the mucin layer. This becomes as argument area of work is a better measurement of 
adhesive capability than peak force in because the product will undergo to the oral flow force (extensional 
flow, mixing and shearing etc) in the mouth and dislodging forces in the gastrointestinal tract. However, 
area of work must be well correlated with the peak force. These results are shown in table 4 and 5. Pre-
loaded force was introduced to increase the contact of pectin with mucin as happened in the mouth where 
there is a force applied to food or product during mastication between palate and tongue. 2% (w/v) pectin 
solution shows bigger specific interaction force as compared to 1% (w/v) pectin with difference of 116.67 
g for peak force and 649.67 g.s for area of work.  
 
Table 4. Peak force (maximum detachment force) for different of polymers. 
Polymer (w/v) Pectin Sodium Alginate CMC 
Force (g) 1% 2% 1% 2% 1% 2% 
MP 239±18 479±29 330±166 617±27 265±35 492±72 
WP 1.47±0.64 140±4 47±24 98±5 7.35±1.61 68±5 
MW 27±2 27±2 27±2 27±2 27±2 27±2 
Net 211±18 312±29 256±168 492±28 231±35 397±72 
 
Table 5. Area under curve (total work of adhesion) for different of polymers. 
Polymer (w/v) Pectin Sodium Alginate CMC 
Force (g.mm) 1% 2% 1% 2% 1% 2% 
MP 1041±117 2450±381 2157±59 3337±241 1281±120 2897±168 
WP 7.25±2.60 731±141 243±87 411±29 34±5 643±25 
MW 421±67 421±67 421±67 421±67 421±67 421±67 
Net 613±135 1298±412 1493±125 2505±252 826±138 1833±183 
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4. Conclusion  
All experiments show good correlation between each other and sodium alginate is clearly have highest 
mucoadhesive effect than other polymers tested. These results were correlated well with rheology 
measurement where higher concentration contributes to the bigger mucoadhesion interaction. Difference 
in terms of force value is cause by different method measurement and amount of mucin the slide. This 
argument has been described by previous researchers where different researchers will get different set of 
results when using the same assessment method due to different of mucin types, concentrations used and 
instrument factors could lead to the different measurement of mucoadhesion. As all the polymers were 
tested in solution, initial viscosity of each solution gave some effects on the results. The potential of each 
polymer as a mucoadhesive was clearly showed in this research as reported also by previous researches. 
Work is still in progress to study other factors that affecting the mucoadhesion such as pH, different 
molecular weight of same polymers and new formulation of polymer in order to optimise the performance 
as delivery system in food engineering.  
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